To decrease IANB failure rates for dental students and interns, knowledge of landmarks, anatomical variation and their training in alternatives to IANB, such as the Gow-Gates and Akinosi techniques, both theoretically and clinically in the dental curriculum should be enhanced.
P rofound local anesthesia is administered in preparation for many dental procedures. 1 The practice was pioneered by Halsted and Hall, who, in 1884, introduced the technique of injecting a cocaine solution into the region of the mandibular foramen. 2 Today, the inferior alveolar nerve block (IANB) is commonly used to induce local anesthesia for various applications throughout modern dentistry. 3 However, IANB failure rates can be substantial, reaching 15-20%, 4 and often cannot be overcome with a repeat IANB injection. 5 Inferior alveolar nerve block failure has been attributed to technical errors, pathological processes (namely, trismus), infection, inflammation, previous surgery and psychological causes, such as fear, anxiety and apprehension. 3 Poor technique has been reported to be the most common reason for failure of conventional IANB. 4, 6 Specifically, poor technique may be related to inadequate mouth opening, incorrect needle placement (too anterior or posterior), or failure to give enough time for the anesthesia to work. 6 Malamed 5 has recommended waiting 3-5 minutes after the injection before starting the procedure. The standard IANB procedure ( Figure 1A ) is a direct technique wherein the practitioner places his or her thumb intra-orally at the deepest concavity of the anterior ascending ramus. The point of injection is located midway between the midpoint of the thumb nail and the pterygomandibular raphe. The needle is advanced 15-25 mm parallel to the occlusal plane of the contralateral premolars until it reaches the proper bony end point injection site. 1 In a 2014 review, Khalil 7 discussed alternative techniques for overcoming conventional IANB failure. The Gow-Gates technique (also known as the high mandibular block) 8 and the Vazirani-Akinosi closedmouth technique, 9 for example, have been available for more than 40 years. Additionally, some have suggested that anesthesia quality can be improved by injecting anesthetic solution into intraligamentary and intra-osseous areas. 10 The Gow-Gates technique 8 ( Figure 1B) 15 found that nearly half (47.5%) of Harvard dental students alumni (classes 2000-2006) not only had never used an alternative technique, but further stated that they felt no need for an alternatives. The aims of this study were 1) to assess IANB failure rate among dental students and interns, and how it was overcome, 2) to report the causes of failure, 3) to investigate the awareness of alternative techniques, and 4) to assess IANB-related complications.
Methods. A 13-item, 3-page questionnaire was distributed randomly to 350 (230 male and 120 female) students (third year to fifth year), and interns at the College of Dentistry, King Saud University, Riyadh, Saudi Arabia in January 2011. Subjects were excluded if they returned the questionnaire that were not completely answered, had double answers, or were first or second year students. The questionnaires were anonymous and treated according to principles of the Helsinki Declaration.
The questionnaire included demographics questions (age, gender, and academic level). The main section of the questionnaire included questions on frequency of IANB failure, reasons for those failures in the participant's opinion, actions taken by the participant to overcome the failure, awareness of other block injection techniques, and supplementary techniques, Results. Of 350 disseminated questionnaires, 238 were returned, including 140 from male students (58.8%) and 98 from female students (41.2%), providing an overall response rate of 68%. In terms of academic level, 23.9% (n=57) of the 238 respondents were third year students, 21% (n=50) were fourth year students, 29% (n=69) were fifth year students, and 26% (n=62) were interns. All students involved in the study indicated that they had used the standard IANB technique. As reported in Table 1 , more than a third of the study participants, reported that they had experienced IANB failure "sometimes", and a similar portion reported that they had experienced it "rarely", with smaller portions reporting having experienced it "never", "often", and "very often". The experience with IANB failure did not differ across gender groups.
There was an inverse trend between academic level and frequency of failure experienced, with the least experienced respondents (third year students) having the largest portion of respondents who indicated that they had never experienced failure and no respondents who reported having experienced it very often; conversely, the most experienced respondents (interns) had the largest portion that reported having experienced failure very often, and no individuals who had never experienced failure ( Table 1) .
The portions of respondents taking particular courses of action in the face of IANB failure are shown in Figure 2 . Notably, 42.8% (102/238) of the respondents (mainly third year students) indicated that they had never tried any different techniques, even when they faced with IANB failure. According to the subjects' self-report questionnaire responses, 47% had performed a single repeat IANB injection (2 total injections) to overcome a failure, 32.5% had performed 2 repeat injections (3 total injections), and 20.5% had performed 3 or more repeat injections (4 or more total injections) to overcome a failure. There was an inverse relationship between education level and number of attempts with the same technique (p<0.001), but no effect of gender.
As reported in Table 2 , IANB failure was attributed by far most often to anatomical variation, followed by improper technique, and very few respondents attributed failure to a faulty local anesthetic solution. The distributions of causes attributed differed significantly by academic level (p=0.003, Chi-Square test; Meanwhile, 16% (38/238) of the respondents reported using it usually, 23.5% (56/238) reported using it sometimes, 18.9% (45/238) reported using it rarely, and 17.6% (42/238) reported never aspirating before administering an IANB. The respondents most often (46.7%) reported that IANB block failure was most common in endodontics, followed by surgery (27.6%) while the third most common is restorative (25.7%).
As reported in Table 3 , the most common complications reported to have occurred after respondents had administered an IANB were facial paralysis, hematoma, and trismus. However, more than two-thirds indicated that they had never observed a complication after having administered an IANB ( Table 3) . A significant gender, but not academic-level, difference was observed, with males being more likely to indicate that they had observed complications (p=0.001, Chi-Square test). Facial paralysis after IANB was never observed by 178/238 respondents (84.8%), observed only once by 30/238 respondents (12.6%), and observed more than once by 6/238 respondents (2.6%). Males were more likely than females to report having observed facial paralysis after administering an IANB (p=0.027). A significant effect of academic level on the likelihood of having observed facial paralysis was found (p=0.002), with the fourth year group observing it most frequently and the third year group observing it least frequently.
Discussion. Although several studies have been conducted on IANB failure. 5, 6, 16 The present response rate (68%) was good for a cross-sectional study employing distributed questionnares. 15, 17, 18 Our data indicated that approximately 14% of the students and interns (overall) observed IANB failure very often or often, which is consistent with some prior studies. 1, 3, 6 In general, similar responses were provided by males and females, with the exception of the complication frequency data, which showed that males have more complications than females. Our finding that almost half (47%) of the participants in our study repeated the standard IANB injection to achieve profound anesthesia is consistent with the work of Malamed, 1 who recommend to repeat the conventional IANB to overcome IANB failure, and Johnson et al, 15 who found that 70% of their respondents repeated a standard IANB injection. Only 20.5% of our surveyed sample (37.5% of third-year and 33.3% of fourth-year students) indicated that they were able to overcome IANB failures by repeating the conventional IANB until it worked. The reliance on repeat injection may be due to the fact that they were not able to perform alternative techniques. The most common response to IANB failure by third and fourth year students was to ask their supervisors for help; no similar study could be found with which to compare this finding. The portion of our interns who never tried any alternative techniques (42.8%) was modestly greater than the portion reported by Johnson et al 15 (30%). Small minorities of respondents in this study reported using the Gow-Gates technique (10.3%) or the Vazirani-Akinosi technique (2.9%). These findings are reasonably similar to those of Johnson et al's study. 15 Harvard School of Dental Medicine study 15 with a one-page survey in which only 14.9% of participants were using the Gow-Gates technique and only 7.5% were reported using the Vazirani-Akinosi technique. However, the most common subsequent course of action in cases of IANB failure differed between our study (infiltration, 55.9%) and Johnson et al's study 15 (repeat standard IANB, 70.21%). Johnson et al 15 stated that the Gow-Gates and Vazirani-Akinosi techniques are not taught as part of the Harvard dental curriculum and attributed the low familiarity of their respondents to this fact. The curriculum at our dental school is also lacking instruction in IANB alternatives. And it is our view that the low numbers of alternative technique users in this study are likely attributable to insufficient knowledge and training of alternative methods. The common attribution of IANB failure to anatomical variation in our cohort (namely, 75% of interns, fifth year students, and fourth year students) differs somewhat with the opinions of the participants of Haas' 3 and Malamed's 5 studies, who considered it the second most common cause of IANB failure., It may be that the students and interns in our study had poorer knowledge of anatomical landmarks than the participants of these prior studies. Meanwhile, the relatively less common explanation of the failure being due to use of the wrong technique (only 19.4% of interns) is consistent with previous studies. 3, 5 Our finding that IANB failure was observed most commonly in endodontic treatments is likely due to the participants having encountered many endodontic patients who present with an active infection. The IANB has been shown to have a far better success rate in patients with uninflamed pulp than in patients with irreversible pulpitis. 19 The post-IANB complications reported in this study, namely trismus, hematoma and transient facial paralysis, are consistent with those observed in previous studies. 20, 21 Other post-IANB complications documented in the literature include visual problems, motor problems (such as palpebral ptosis), and diplopia. 22, 23 Although only 23.9% of the participants in our study reported that they always aspirate before administering an IANB, it is unclear how prevalent the practice is broadly speaking. Even lower rates of pre-IANB aspiration have been reported by Zenouz et al 23 (15.3% ) and Nooh and Abdulla 20 (1.7%). Finally, our data regarding the participants' selfreporting of their knowledge of and training with alternative techniques indicate clearly that both are lacking. The portion of students and interns in our study who felt they had both sufficient knowledge of and training in alternative techniques (9.3%) was far smaller than that reported by similar to the close to 90% figure reported by Johnson et al. 15 This massive discrepancy is likely due to students at Harvard School of Dental Medicine students and graduates receiving far greater instruction related to alternative methods, including the Gow-Gates and Vazirani-Akinosi techniques. 15 In conclusion, the results of the present study indicate that the dental curriculum at King Saud University is lacking in coverage of techniques that can be employed when an IANB fails or is contraindicated. To decrease the IANB failure rate, instruction related to anatomical landmarks, anatomical variation, and pre-IANB aspiration should also be enhanced.
Enhance education of alternatives to IANB, such as the Gow-Gates and Akinosi techniques, both theoretically and clinically, in the anesthesia courses of the dental curriculum; enhance knowledge of anatomical landmarks for IANB administration; train students how to select the most appropriate alternative technique; increase supervision and training of various techniques; and it should be emphasized that aspiration is mandatory before any anesthetic technique, including conventional IANB are some of the recommendations.
